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Abstract 
How to understand the top coal caving process and increase the top coal recovery ratio is one of the urgent problems to be 
resolved for the longwall top coal caving technology. The paper mainly studies a new theory and technique of top coal caving 
with vibration. The vibration device is mounted on the shield beam of the top coal caving support. The laboratory experiment and 
the numerical simulation were adopted in the study. The Distinct Element Method (DEM) numerical software (PFC2D) is used 
for the numerical simulation. Finally, the technique is applied to the 5209 top coal caving working face. Based on the experiment, 
the numerical simulation and the practice, the vibration can easily destroy the arch structure which is formed during the top coal 
caving process. The parameters about when the arch structure would be formed during the top coal caving process are obtained. 
The movement of the top coal caving process under the vibration condition makes a more stable layer uniform caving 
performance. The aim of the top coal caving with vibration technique, to increase the top coal recovery ratio and to lower the 
waste content rate, has been achieved. 
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1. Introduction 
Since the longwall top coal caving (LTCC) technique was introduced in 1982, it has been widely used in China as 
an advanced underground coal mining method with high output, high efficiency, intensive mining, and low cost [1-
13]. According to field experience in China, the top coal caving technique can be successfully applied to thick coal 
seam with moderate and low hardness. However, as a new technology for the thick coal seam mining, the longwall 
top coal caving technology also brings about some new problems for the longwall mining system, rock controlling 
and mine safety. An essential issue in sustainable development of coal industry is to keep a higher recovery ratio. 
However, losses of coal are inevitable in LTCC technique since the top coal is caved from the up and/or rear of the 
supports. Consequently, how to obtain or even control the moving law of the top coal caving in order to increase the 
recovery ratio is one of the most urgent problems to resolve in LTCT [1, 4, 5, 7-16]. 
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 Unfortunately, there are some obvious weaknesses and shortages in LTCC technique and its support, which result 
in a lower recovery ratio and a higher waste rock ratio, especially at both ends of the working face because of the 
beaming capacity of the immediate roof. The fundamental reason for such an unfavorable feature of LTCC 
technique has been found.  The LTCC technique is mainly dependent on the influence of the beaming capacity, 
abutment stresses, bending strength, etc, which makes the top coal broken and fall naturally under the gravity 
condition.  If the coal strength is low or the front abutment stress is high, the top coal can be broken easily into small 
pieces or blocks, resulting in successive top coal caving and higher recovery ratio.  But when the block of the broken 
top coal is big enough or the top coal is hard, the top coal caving process would be disturbed.  The arch structure 
would be formed during the top coal caving process, one foot of which lies on the shield beam, the other on the 
waste. The arch structure cannot be destroyed easily with the existing support structure automatically. The arch 
structure prevents successive upper top coal caving and lets the upper top coal stay in the gob, leading to a lower 
recovery ratio.  That is the fundamental reason for the low recovery rate.  
2. Principle 
The technique of top-coal caving method with vibration is proposed to solve the above problems[17, 18]. A 
vibrator is mounted on the shield beam of the longwall top coal caving support, which can produce low frequency 
vibration with high amplitude of force along the shield beam inclination.  
Based on the mechanical analysis, the vibration wave can decrease the loose material (top coal) inner and outer 
friction coefficients, and the top coal shear strength.  As the function of the vibration, the internal friction angle is 
usually reduced by 1~3 degrees, while as the cohesive force c is decreased by 50% or more [19, 20].  This indicates 
that the flow of bulk solid is greatly improved by the vibration.  Meanwhile, the vibration wave can also accelerate 
the growth of the coal fracture resulting in an improvement of the top-coal broken effect. 
3. Laboratory experiments 
3.1. Experiment system 
The experiment system consists of the following parts as shown in Figure 1. (1) The power system. It includes a 
piston pump with an output of 32L/min, a normal pressure of 25MPa and the maximum pressure of 32.5MPa. (2) 
The Program Logic Controlled system. The SIMENSE-S7200 is used for the PLC system. The computer control 
software is programmed to control the experiment amplitude and frequency. (3) The simple top coal caving support 
and the vibrator device. The vibrator device is the most important part for the technique, and it is mounted on the top 
coal caving support. 
         
Fig. 1. Experiment system (a) the power system and the PLC system; (b) the simple top coal caving support  
3.2. Experiment results 
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Based on lots of experiment, we have found that the block size plays an important role on the drawing process. 
When the block size is small, the drawing process can be finished smoothly and the top coal can be caved 
successfully. But when the block size is about 1/3 of the caving opening width, the arch structure (Figure 2) can be 
formed easily during the caving process under the gravity condition. Then, if the vibrator device is turned on, the 
formed arch structure can be destroyed easily, the top coal can be caved continually, resulted in improving the top 
coal recovery ratio [21]. 
 
Fig. 2. The formed arch structure  
4.  Numerical simulation 
4.1 Numerical mode 
The top coal and the immediate roof were broken into pieces or blocks under the ground pressure.  During the 
caving process, the broken top coal and the broken rock have shown some characteristics of granular material. The 
DEM method is applied to simulating the caving process and the Particle Flow Code in 2 Dimensions (PFC2D) 
software by Itasca was selected.  
Based on the condition of No. 5209 coal working face in Wangzhuang Coal Mine, (Shanxi Lu’an Environmental 
Energy Dev. Co. Ltd, China, the length of the working face is about 230m, the average inclined angle and the total 
height of the coal seam are 4~8o and 6.0m separately, the mining height is about 3.0m), the total height of the 
PFC2D model is 6.0m and the mining height of the working face is 3.0m, the height of the top coal is 3.0m. 
The top coal caving channel includes the following 5 parts: 1) the waste, 2) the rear-canopy, 3) the yield beam, 4) 
the caving line and 5) the broken rock above the top coal.  For the PFC2D simulation, the model is simplified as in 
figure 3 [22]. 
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Fig. 3. Models for PFC2D simulation  
There are some parameters which influenced the PFC2D model, i.e., the support yield beam inclination angle (α), 
the waste angle of repose (β), the top coal caving angle above the support (γ), and the length of the rear-canopy, the 
minimum and the maximum radius of the coal block (r_min and r_max separately), the friction between the coal 
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 block (ball_fric), the porosity of the top coal block (porosity), the friction between the coal block and the caving 
channel (wall_fric) and the caving process condition (with or without vibration).  
When the software is fired up, the model parameters input interface will be shown and the parameters mentioned 
above can be inputted or checked.  Then the left work can be done through the software by using the above four 
modules.  The results are shown in figure 3.   
            
Fig. 4. Result Preview (a) model of the final result; (b) servo-controlled wall friction energy vs. time; (c) servo-controlled wall velocity vs. time; 
(d) servo-controlled wall stress vs. time  
4.2. Top coal caving process without vibration 
The first study is mainly to determine whether the arch structure can be formed during the top caving process 
without vibration.  During the numerical simulation process, the different parameters were given to the PFC2D 
model to control the top coal caving process. 
We obtained the relationships between the support decline angle, the waste dead angle, the top-coal caving angle, 
the largest block top-coal radius and the block top-coal minimum friction coefficient when the arch structure was 
formed. 
Figure 5 illustrates the arch structure during the top coal caving process with different yield beam angles (α) and 
the top coal block friction.  
 
Fig. 5. Relationship between the shield angle and friction coefficient when the arch formed  
Figure 6 illustrates the arch structure during the top coal caving process with different waste angles of repose (β) 
and the top coal block friction.  
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Fig. 6. Relation between the waste dead angle and friction coefficient when the arch formed  
Figure 7 illustrates the arch structure during the top coal caving process with different top coal caving angles (γ) 
and the top coal block friction.  
 
Fig. 7. Relationship between the top-coal caving angle and friction when the arch formed  
Figure 8 illustrates the arch structure during the top coal caving process with different top coal maximum radius 
(r_max) and the top coal block friction. 
 
Fig. 8. Relation between the maximum radius and friction coefficient when the arch formed   
4.3. Top coal caving process with vibration 
Taking the parameters, which influenced the PFC2D model for top coal caving with vibration, into consideration, 
we did lots of numerical simulations. Based on the numerical simulations, it is proven that the arch structures would 
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 also be formed during the top-coal caving process with vibration. However, the formed arch structure is unstable. 
The vibration force can easily destroy the arch structure. Some characteristics of the top coal caving process with 
vibration are as follows: 
Figure 9 (the parameters are: α=45o, β=75o, γ=75o, r_min=0.1m, r_max=0.5m, porosity=0.12, ball_fric=0.51, 
wall_fric=0.51) illustrates the top coal caving process with and without vibration. 
As shown in Fig.9a, we can find that the arch structure is formed during the top coal caving process without 
vibration. At first, when the gate is open, the top coal caving process begins. When some top coal has been caved, 
the arch structure would be formed. Then the caving process is stopped. The top coal caving process would start 
again later because the arch structure is unstable and can be destroyed under the gravity. The top coal caving process 
as above would be recycled. However, when the arch structure is stable or cannot be destroyed under the gravity 
condition, the top coal caving process would be stopped, which prevents high recovery ratio of top coal and leads to 
great losses of it. 
The top coal caving process with vibration has the performance of the cycle – top coal caving begin – arch 
structure be formed – top coal caving stop – the arch structure be destroyed – the top coal caving continue ( see 
Figure 9 (b)).  
       
  
Fig. 9. The top-coal caving process in different condition (a) without vibration; (b) with vibration  
We can find that the arch structure would be formed inevitably at the beginning of the top coal caving process, 
just as the process without vibration.  The vibration force can effectively destroy the arch structure during the top 
coal caving process of the arch, and ensure the smooth release of the top coal.  
Figure 10 illustrates the top coal caving curve without (Fig.10 a) and with vibration (Fig.10 b) when the arch 
structure cannot be formed. (The parameters are: α=45o, β=75o, γ=75o, r_min=0.1m, r_max=0.5m, porosity=0.12, 
wall_fric=0.8, ball_fric=0.2).  Compared the figure 10(a) with Figure 10(b), we can find that the movement of the 
top-coal caving process with vibration shows a more stable layer uniform caving performance.  The aim of the top-
coal caving with vibration technology, i.e., to increase the top-coal recovery ratio and to lower the waste content 
rate, has been achieved. 
       
  
Fig.10. The top-coal caving process in different condition (a) without vibration; (b) with vibration  
5.  Application 
The technique of top coal caving with vibration was successfully used in No. 5209 top coal caving working face 
(Wangzhuang Coal Mine, Shan xi Lu’an Environmental Energy Dev. Co. Ltd). The vibrator device was mounted on 
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the support as shown in Figure 11. Based on the field test, the top coal recovery rate can be increased from 88% to 
91.4%.[23] 
 
Fig. 11. Picture showing the application of top coal caving with vibration in No. 5209 working face  
6.  Conclusions 
The laboratory experiment, numerical simulation and the application of the technique of top coal caving with 
vibration were mainly studied.  We obtained the relationships between the support decline angle, the waste dead 
angle, the top-coal caving angle, the largest block top-coal radius and the block top-coal minimum friction 
coefficient when the arch structure was formed. 
Based on the experiment, the numerical simulation and the practice, it is proven that the arch structures can really 
be formed during the top coal caving process under gravity condition and the vibration can easily destroy the arch 
structure.  The movement of the top coal caving process under the vibration condition makes a more stable layer 
uniform caving performance.  The aim of the top-coal caving with vibration technique, to increase the top-coal 
recovery ratio and to lower the waste content rate, has been achieved. 
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